Background-Plasma cells are usually absent in bronchoalveolar lavage (BAL) fluid. Extrinsic allergic alveolitis is associated with increased numbers of T and B lymphocytes in BAL fluid, as well as the presence of a few plasma cells. Samples of BAL fluid obtained from patients suffering from extrinsic allergic alveolitis (n = 67; 59 non-smokers and eight smokers) during a 10 year period between 1980 and 1990 were studied. The patients with extrinsic allergic alveolitis presented with generalised constitutional and pulmonary symptomsthat is, cough, dyspnoea, and sometimes fever and chills. Although the symptoms were mostly transient, exacerbations occurred with repeated exposure to the causative antigen. The diagnosis of extrinsic allergic alveolitis was made from clinical information, chest radiology, the presence of serum antibodies
The lung is capable of local immunological reactions by cell mediated as well as antibody mediated mechanisms.' In interstitial lung diseases bronchoalveolar lavage (BAL) has become an important method of gaining information about disease processes in the lung.2A4 Extrinsic allergic alveolitis is initiated by repeated exposure to specific antigens in susceptible individuals. [5] [6] [7] [8] The immunological mechanisms underlying the pathological changes in the lung appear to be related to the dose of the causative antigens and the duration of exposure.9-11 In extrinsic allergic alveolitis initial non-specific inflammation is followed by sensitisation causing a granulomatous inflammatory response modulated by T cell and macrophage derived cytokines." 12 This initial phase-that is, immediately after antigen inhalation-is characterised by an increase in the number of neutrophils in BAL fluid.513 In the subacute phase, 2-7 days after antigen exposure, the numbers of CD8 + lymphocytes and natural killer cells are increased. A few plasma cells are occasionally found in the BAL fluid,5 1415 but are not generally found in peripheral blood or BAL fluid. If present in BAL fluid, B lymphocytes vary in maturation from small lymphocytes to mature plasma cells, supporting the concept that antigen specific B lymphocytes enter the immunised lung (possibly as lymphoblasts) and mature to plasma cells.'1'8 Moreover, plasma cells in BAL fluid render allergic or inflammatory processes with an antibody mediated component highly likely. 14 15 19 20 In addition, immunoglobulin levels in BAL fluid are elevated because of antigenic stimulation in patients with extrinsic allergic alveolitis compared with control subjects.5 20 These high immunoglobulin levels may be caused by an increase in pulmonary vascular permeability, or local production of immunoglobulins, or both.20 Plasma cells synthesise and secrete immunoglobulins but no relationship has been shown between plasma cells and immunoglobulin levels in BAL fluid.
In this study we have investigated differences between the profile of the BAL fluid in patients with extrinsic allergic alveolitis, with or without plasma cells, and the relationship of plasma cells with immunoglobulin levels in the lavage fluid.
Methods

PATIENTS AND CONTROLS
Samples of BAL fluid obtained from patients suffering from extrinsic allergic alveolitis (n = 67; 59 non-smokers and eight smokers) during a 10 year period between 1980 and 1990 were studied. The patients with extrinsic allergic alveolitis presented with generalised constitutional and pulmonary symptomsthat is, cough, dyspnoea, and sometimes fever and chills. Although the symptoms were mostly transient, exacerbations occurred with repeated exposure to the causative antigen. The diagnosis of extrinsic allergic alveolitis was made from clinical information, chest radiology, the presence of serum antibodies Table 1 Mean (SE) characteristics of the groups studied: the non-smoking patient population with extrinsic allergic alveolitis (EAA) and non-smoking control subjects This study was approved by the ethical committee of our hospital.
BRONCHOALVEOLAR LAVAGE BAL was performed during fibreoptic bronchoscopy.2" Following premedication with atropine and local anaesthesia of the larynx and bronchial tree with tetracaine 0 5%, the right middle lobe was lavaged with four aliquots each of 50 ml sterile saline (0 9% NaCl) at room temperature. Simultaneous peripheral blood samples were taken.
The recovered BAL fluid was kept on ice in a siliconised specimen trap and separated from its cellular compounds by centrifugation (5 minutes at 350g). Supematants were directly stored at -70°C after additional centrifugation (10 minutes at 1 OOOg). Cells were washed twice, counted, and suspended in minimal essential medium (MEM; Gibco, Grand Island, New York, USA) supplemented with 1 % bovine serum albumin (BSA; Organon, Teknika, Boxtel, The Netherlands).
Preparations of cell suspensions were made in a cytocentrifuge (Shandon). Cytospin slides were stained with May-GrunwaldGiemsa (MGG; Merck, Darmstadt, Germany) for cell differentiation and at least 1000 cells were counted. Morphologically, plasma cells were identified in a routine MGG stained slide by light microscopy. Only mature plasma cells recognised by an eccentric nucleus with a large amount of basophilic cytoplasm were included.
If more than 15% of lymphocytes were present, T cell (sub)populations were determined. Total T cells and subpopulations were recognised by staining with monoclonal antibodies CD2(OKT11), CD3(OKT3), CD4(OKT4), and CD8 (OKT8) from Ortho Pharmaceuticals (Beerse, Belgium). Identification of T cells reacting with monoclonal antibodies was performed by means of a conventional indirect immunofluorescence technique using FITC-labelled goat antimouse (GAM) immunoglobulin (Nordic Immuno- Table 2 Mean (SE) yield, total cell count (TCC), differential cell count (percentage TCC) and absolute numbers of cells (x 0l/ml) in BALfluid of patients sufferingfrom extrinsic allergic alveolitis (EAA) last exposed 2-7 days before the lavage (group 2; n = 30) with or without plasma cells (PC) in BAL fluid and in control subjects The patients with plasma cells had a lower percentage of CD4 + T cells (p < 0-05) and a significantly lower CD4/CD8 ratio (median 0'7; range 04-3-0) (p < 0 05) than the patients without plasma cells (median 1'9; range 0'5-3'9) (table 3). The measured percentages of T cells and T cell subpopulations of both patient groups (with and without plasma cells) showed significant differences when compared with the control group in whom T cell (sub)population determinations were performed (n = 6; p < 0O01), except for the percentage CD4 + T cells and CD4/CD8 ratio. The percentage CD4 + T cells was higher in the patients without plasma cells than in the control subjects (p < 0 05) and patients with plasma cells (p < 0 05). The CD4/CD8 ratio was lower in the patient group with plasma cells than in the control group (p < 0-01). In BAL fluid of patients with plasma cells the ratio of IgG to albumin was higher (2-33 v 0 95, p < 0 05); the ratios of IgM and IgA to albumin in the lavage fluid tended to be higher than in the patients without plasma cells. The immunoglobulin levels and their ratios to albumin in BAL fluid were higher in both patient groups than in the control group (p < 0 01) (table 4).
The Spearnan rank correlation coefficients showed a significant monotonic relationship between the absolute and relative number of plasma cells in BAL fluid, and the levels of immunoglobulins and their ratios to albumin (table 5) . The light microscopic evaluation of the five patients who underwent open lung biopsy showed many plasma cells within the alveolar interstitium in all specimens, irrespective of the presence or absence of plasma cells in the lavage fluid.
Discussion
Extrinsic allergic alveolitis is thought to result from a combination of a type III immune complex and a type IV cell mediated immunological reaction, although the mechanism remains unknown.5 Plasma cell derived antibodies have been found in the serum and BAL fluid of patients with extrinsic allergic alveolitis.521 Under normal circumstances plasma cells, known as tissue cells, are not found in BAL fluid nor in peripheral blood. However, in the alveolar interstitium of the immunised lung plasma cells frequently occur. 18 Recently we have shown the presence of plasma cells in the lavage fluid of patients with extrinsic allergic alveolitis and other antibody mediated inflammatory processes of the lung such as drug induced pneumonitis. '5 This uncommon motile behaviour of plasma cells can probably be explained by damage of the alveolar membranes and non-specific changes in vascular permeability produced by antigen exposure.1518 In addition, the presence of plasma cells in lavage fluid was considered to be a feature of recent antigen exposure, suggesting an active alveolitis. 15 In the present study the cellular profile of the BAL fluid differed significantly between patients with extrinsic allergic alveolitis last exposed 2-7 days before the lavage (group 2; n = 30) who had plasma cells in the lavage compared with those who did not. The patients with plasma cells had an even more (mast cell recruitment), IL-5, and also IL-4 (B cell stimulation).30 Additional studies to detect cytokines in both groups of patients with extrinsic allergic alveolitis, with or without plasma cells, are needed to determine the mechanisms leading to local augmentation of antigen sensitive cells in the lung and more or less severe extrinsic allergic alveolitis.
This study is the first report to show increased immunoglobulin levels in BAL fluid in patients suffering from extrinsic allergic alveolitis with plasma cells in the BAL fluid. Synthesis of immunoglobulin has been reported in the lower respiratory tract.293' 33 These findings, and those reported in our study, show that immunoglobulin levels and their ratios to albumin in BAL fluid are positively related to the presence of immunoglobulin producing plasma cells in lavage fluid. In this study patients without plasma cells also showed increased levels of immunoglobulins, the levels among patients with plasma cells being higher than in patients without plasma cells. These higher immunoglobulin levels in BAL fluid of patients with plasma cells might be the result of the local production of immunoglobulins by plasma cells in BAL fluid, in addition to enhanced diffusion from the interstitium due to destruction of the basement membrane.
In conclusion, patients suffering from extrinsic allergic alveolitis with plasma cells in the BAL fluid show signs of a more active alveolitis. They have increased absolute and relative numbers of lymphocytes, higher absolute numbers of eosinophils and mast cells, higher immunoglobulin levels and IgG to albumin ratios, as well as a decreased CD4/CD8 ratio in comparison with patients without plasma cells in BAL fluid. In addition, there is a positive relation between the number of plasma cells in BAL fluid and immunoglobulin levels. These data promote the concept of local production of immunoglobulins by plasma cells within the lung following antigen exposure in susceptible individuals. Studies on the relation of time elapsed between antigen exposure and BAL procedure, and the production by plasma cells of IgM, IgG, and IgA, are currently being conducted.
